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ABSTRACT 


Objective: Patients with COVID-19 accompanying cancer have been reported to have higher 
morbidity and mortality. In this study, we aimed to evaluate the high-dose high intravenous 
anakinra treatment response and outcome in patients with COVID-19-associated cytokine 
storm accompanying cancer. 


Methods: This retrospective observational study was carried out at a tertiary referral center 
between September 01, 2021, and February 01, 2022, in Turkey. The study population con- 
sisted of two groups: patients receiving high-dose intravenous anakinra and patients treat- 
ed with standard care. 


Results: Data from 146 patients in the anakinra group and 114 patients in the control group 
were analyzed. Malignancy frequency was 11% (n=16) in the anakinra group and 7% (n=8) 
in the control group. In survival analysis, a significantly lower survival rate was observed in 
patients with malignancy than those without in the control group (log-rank: p=0.002) and 
patients with malignancy in the control group compared to the anakinra group (log-rank: 
p=0.013). However, it did not differ between patients with and without malignancy in the 
anakinra group (log-rank: p=0.9). 

Conclusion: In the control group, mortality was higher in patients with malignancy com- 
pared to those without malignancy, but not in the anakinra group. Also, mortality was high- 
er in patients receiving SoC compared to anakinra. Intravenous high-dose anakinra treat- 
ment is safe and effective in patients with COVID-19 accompanying cancer. 
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INTRODUCTION 


oronavirus disease 2019 (COVID-19) is a poten- 

tially life-threatening disease caused by SARS- 

CoV-2. Clinical findings of COVID-19 are ranged 
from asymptomatic to severe pneumoniae, acute re- 
spiratory distress syndrome, multiorgan failure and 
death. A severe COVID-19 course is associated with 
a higher inflammatory state (cytokine storm) due to 
the excessive release of pro-inflammatory cytokines 
(1). Several cytokines, such as interleukin-1 (IL-1), tu- 
mor necrosis factor-alpha (TNF-alpha), and interleu- 
kin-6 (IL-6), are responsible for the development of 
cytokine storms in patients with COVID-19 (2). Sev- 
eral risk factors are associated with poor outcomes 
and high mortality in patients with COVID-19. Ad- 
vanced age, male gender, and presence of comorbid- 
ities such as diabetes mellitus and hypertension are 
well-defined risk factors for severe COVID-19 course 
(3). Similarly, patients with COVID-19 accompanying 
cancer have been reported to have higher morbid- 
ity and mortality (4). On the other hand, predictive 
factors and treatment outcomes, including anti-cy- 
tokine treatment, are not well defined yet in patients 
with COVID-19 accompanying cancer. 


Recent evidence showed that SARS-CoV-2 activates 
an intracellular multiprotein complex called ‘inflam- 
masome’ after binding toll-like receptors. Inflam- 
masomes are present in innate immune cells and 
have an essential role in the host’s defense against mi- 
croorganisms, including viruses. The inflammasome 
senses the viral structures and activates caspase-1 
for the cleavage of pro-IL-1B to produce active IL-1. 
Anakinra, an IL-1 receptor antagonist, is common- 
ly used to treat autoinflammatory diseases such 
as hereditary periodic fever syndromes, gout, and 
adult-onset still disease (5). Anakinra has also been 
proven effective in hyperinflammatory conditions 
such as macrophage activation syndrome, which is 
secondary to various diseases (6). In this study, we 
aimed to evaluate the outcomes of high-dose intrave- 
nous anakinra treatment in patients with severe and 
critically ill COVID-19 accompanying cancer. 


MATERIAL AND METHODS 

Patients and Data 

This observational retrospective study is a secondary 
analysis of our previous study (7) carried out at a ter- 
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tiary referral center between September 01, 2021, and 
February 01, 2022, in Turkey. All patients had positive 
polymerase chain reaction (PCR), typical comput- 
er tomography (CT) findings, and clinical signs and 
symptoms attributed to COVID-19. Patients with neg- 
ative PCR results and inconsistent CT findings with 
COVID-19 were excluded from the study. 


The study population was divided into two groups: 
patients receiving high-dose intravenous anakinra 
(anakinra group) and patients treated with stan- 
dard of care (SoC) in the control group. The sever- 
ity of COVID-19 disease was evaluated according 
to National Institute of Health (NIH) severity scale 
(8) and only severe (NIH score 3; patients with SpO, 
<94% on room air at sea level, PaO,/FiO, <300 mm 
Hg, a respiratory rate >30 breaths/min, or lung infil- 
trates >50%) and critically ill (NIH score 4; patients 
have acute respiratory distress syndrome, septic 
shock that may represent virus-induced distrib- 
utive shock, cardiac dysfunction, an exaggerated 
inflammatory response, and exacerbation of un- 
derlying comorbidities, as well as requirement of 
high flow nasal oxygen therapy [HFNO] or invasive 
mechanical ventilation [IMV]) patients in the ward 
were included into the study. 


Written consents were obtained from the patients 
and the Ethics Committee of Aksaray University 
approved the study on February 24, 2022, with deci- 
sion number 2022/04-09. 


Laboratory Evaluation 

Laboratory values such as hemogram, liver en- 
zymes, creatinine, procalcitonin, C-reactive pro- 
tein (CRP), ferritin, D-dimer, lactate dehydrogenase 


HIGHLIGHTS 


e Inthe control group, mortality was higher in pa- 
tients with malignancy compared to those with- 
out malignancy. 

e Cytokine storm is the leading cause of the devel- 
opment of mortality in patients with COVID-19 
accompanying cancer. 

e Intravenous high-dose anakinra treatment is safe 
and effective in cancer patients with COVID-19. 
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Table 1. Baseline characteristics and univariate analysis of patients with anakinra and 
control groups. 


Anakinra group Control group 
vonepie® Malignancy (+) Malignancy (-) p Malignancy (+) Malignancy (-) p 
(n=16) (n=130) (OR) (n=8) (n=106) (OR) 
Age (years), median (IQR) 69 (20) 71.5 (25) 0.5 78 (21) 65 (23) 0.047 
Gender, male, n (%) 12 (75) 65 (50) 0.07 5 (62.5) 40 (38) 0.2 
ae (days), 14.5 (15) 10.5 (12) 0.5 5.5 (11) 9 (7) 0.052 
Comorbidities, n (%) 
Diabetes mellitus 4 (25) 36 (28) 1 2)\(25) 37 (35) 0.7 
Hypertension (n=143) 9 (56) 75 (59) 1 6 (75) 58 (55) 0.7 
Heart failure (n=143) 2 (12.5) 16 (12.6) 1 1 (12.5) 22 (21) 1 
Chronic renal failure 2 (12.5) 28 (21.5) 0.5 1 (12.5) 5 (4.7) 0.4 
lee obstructive lung disease 5 (31) 18 (14) 01 1 (12.5) 18 (17) 07 
Dementia (n=116) 1 (6) 13 (13) 0.7 1 (12.5) 1 (1) 0.1 
Disease severity, n (%) 
NIH score 3 (severe) 7 (44) 50 (38.5) 31(3755) 65 (63) 
0.8 0.3 
NIH score 4 (critical) 9 (56) 80 (61.5) 5 (62.5) 41 (37) 
Vaccination history (n=90) 6/9 (67) 40/81 (49) 0.5 5/7 (71) 21 (37.5) 0.1 
Vaccination, median (IQR) 3 (0.25) 2 (1) 0.075 2.15) 2 (0) 0.9 
cHIS score, median (IQR) 4 (2.5) 3 (1) 0.7 4 (2) 3 (3) 0.049 
Laboratory results, median (IQR) 
Neutrophil to lymphocyte ratio 7 (20) 6.7 (8) 0.5 8.5 (7.5) 4.3 (4) 0.02 
Hemoglobin (g/dL) 13 (5) 13.5 (3) 0.2 13.2 (0.7) 13.4 (2.3) 0.5 
Platelets (109/L) 163 (64) 192 (99) 0.077 200 (125) 192 (94) 0.6 
C-reactive protein (mg/L) 
1 115 (61) 120 (117) 0.7 131 (116) 99 (101) 0.1 
2 142 (109) 153 (128) 08 144 (80) 123 (87) 0.2 
Ferritin (ng/mL) 
1 548 (691) 380 (629) 03 464 (982) 295 (380) 1 
2 1612 (3223) 697 (864) 0.086 1160 (1096) 322 (624) 0.044 
D-dimer (mcg/mL) 
1 0.9 (2.1) 1.3 (1.2) 03 1.4 (4.6) 0.8 (1) 03 
2 3.8 (5.8) 4.2 (15) 0.5 8.6 (33) 2 (4.3) 0.06 
Lactate dehydrogenase (U/L) 
1 407 (212) 395 (216) 0.6 422 (266) 414 (235) 07 
2 502 (445) 580 (268) 0.5 592 (634) 401 (191) 0.053 


NC 
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Procalcitonin (ng/mL) 0.15 (0.5) 0.2 (0.46) 0.6 1.8 (21) 0.14 (0.3) 0.002 
Outcomes, n (%) 

Severe infection (n=127) 2/14 (14.3) 16/113 (14.2) 1 3 (37.5) 23)(24.7) 0.3 

Pneumothorax (n=133) 2/15 (13.3) 1/118 (0.8) 0.034 (9.4) 0 0 

Pulmonary embolism (n=133) 0 4/118 (3.4) 1 2 (25) 9 (8.5) 0.13 

Myocardial infarction (n=131) 0) 3/117 (2.6) 1 2 (25) 4 (3.8) 0.01 (6.7) 

Intensive care unit 8 (50) 50 (38.5) 0.4 3 (37.5) 22 (21) 0.4 

Intubation 6 (37.5) 46 (35.4) 1 2 (25) 11 (10.4) 0.2 

Mortality 7 (44) 47 (36) 0.6 5 (63) 22 (21) 0.02 (7.1) * 


IQR: Interquartile range, NIH: National Institute of health, cHIS: Covid hyperinflammatory score, OR: Odds ratio 
1: At admission, 2: Peak levels 


LDH) at admission, and the peak levels of CRP, fer- 
ritin, D-dimer and LDH levels were recorded. The 
inflammatory state of the patients was evaluated 
according to the COVID hyperinflammatory syn- 
drome score (cHIS), and it was calculated accord- 
ing to a combination of neutrophil and lymphocyte 
counts at the admission and the peak levels of CRP, 
ferritin, D-dimer, and LDH during the follow-up (9). 


Treatment Protocol and Outcome 

All patients received background corticosteroid ther- 
apy with 80 mg/day methylprednisolone (or its equiv- 
alent) and enoxaparin 0.4 mg/day at the admission 
and on consecutive days (standard of care). In both 
groups, empirical antibiotics were used only in pa- 
tients with higher baseline procalcitonin levels (pro- 
calcitonin=1 pg/mL). Anakinra was started in patients 
who did not respond to steroid therapy for at least 
two days or concomitantly with steroids in patients 
with higher risk and critical illness at admission. The 
average starting dose of anakinra was 400 mg/day in- 
travenously and increased gradually to a maximum 
of 1600 mg/day if necessary (10 mg/kg/day). Anak- 
inra and steroid treatment were administered until 
the hyperinflammatory response of the patients dis- 
appeared. Anakinra dose adjustment was performed 
by the same rheumatologist (MB) according to daily 
clinical and laboratory findings. Severe infection was 
defined as the development of opportunistic infec- 
tion, intravenous antibiotics, sepsis, or requirement 
of intensive care unit (ICU) admission or the develop- 
ment of death due to secondary infection. 
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Statistical Analysis 

The statistical analyses were performed using the 
Statistical Package for Social Sciences (SPSS) 21.0 
(IBM Corp., Armonk, NY, USA). In descriptive statis- 
tics, discrete and continuous numerical variables 
were expressed as mean, + standard deviation, or 
median (minimum-maximum). Categorical vari- 
ables were expressed as frequency and percentage. 
Cross-table statistics were used to compare cate- 
gorical variables (Chi-square, Fisher’s exact test). 
Normally distributed parametric data were com- 
pared with Student's t-test, and non-parametric 
data that did not meet normal distribution were 
compared with Mann-Whitney U and Kruskal-Wal- 
lis tests. Kaplan-Meier and log-rank methods were 
used for survival analysis. Multivariate analysis 
was performed by using logistic regression. The sta- 
tistical significance was set as p<0.05. 


RESULTS 


Data of 146 patients in anakinra and 114 patients 
in the control group were analyzed. Baseline clin- 
ical and laboratory findings of patients in the 
anakinra and the control group were described in 
Table 1, respectively. In the anakinra group, the me- 
diantinterquartile range (IQR) patient age was 71 
(25) years, and the duration of hospitalization was 
11 (12) days, and in the control group, they were 
65.5 (23) years and 9 (7.3) days. Anakinra and ste- 
roid therapies were applied for a median of 10 days 
(IQR=10, range; 2-36). 
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Table 2. Distribution of malignancies in patients with anakinra and In the anakinra group and the control group, the 
control groups. rates of diabetes mellitus were 28% (n=40) and 
es § 834.2% (n=39), hypertension 58.7% (n=84) and 56% 
(eee aan ac (n=64), heart failure 12.6% (n=18) and 20.2% (n=23), 
sic os chronic kidney failure 20.5% (n=30) and 5.3% (n=6), 
Hematological 7 (43.8) 1 (12.5) chronic obstructive pulmonary disease 16% (n=23) 
Chronic lymphocytic leukemia 5 (31.3) 2 and 16.7% (n=19), dementia 12.1% (n=14) and 1.8% 
Niyelaetalneativenceplatls 163) 1(125) (n=2), respectively. At admission, laboratory results 
revealed median (IQR) neutrophil to lymphocyte ra- 
ld lca baie tio (NLR) 6.75 (7.8) and 4.3 (4.4), CRP 119 (110) and 
Solid 9 (56.2) 7 (87.5) 100 (100) mg/L, LDH 398 (206) U/L, ferritin 397 (206) 
ing 4.(25) 1 (125) and 414 (229) ng/mL, D-dimer 1.24 (1.2) and 0.84 
(1) mcg/mL in the anakinra group and the control 

Colon 1 (6.3) 2 (25) 


group, respectively. Peak levels of laboratory values 
Bladder 1 (6.3) - were CRP 151 (122) and 126 (88) mg/L, LDH 566 (268) 
and 408 (237) U/L, ferritin 717 (980) and 378 (660) ng/ 


Uterus 1 (6.3) 
mL, D-dimer 4.2 (13.3) and 2.24 (5) mcg/mL in the 
Ovary 1 (6.3) . : 
anakinra group and the control group, respectively. 
Brain 1 (6.3) 4((12:5) 
Beast : 1 (12.5) Fifty-seven (39%) and 68 (59.6%) patients had se- 
ag aes vere, 89 (61%) and 46 (40.4%) had critical disease 
: - aa in anakinra and control group, respectively. Median 
Thyroid : 1 (12.5) (IQR) cHIS score was 3 (1) and 3 (3) in patients re- 
Chemotherapy history 10 (62.5) 1 (12.5) ceiving anakinra and SoC, respectively. Overall, ICU 
id - 3 admission was in 58 (39.7%) and 25 (22%), intuba- 


tion was in 52 (35.6%), and 13 (11.4%) patients, 54 


Table 3. Comparison of clinical and laboratory features of patients had malignancy 
between anakinra and control groups. 


Variables cut hias 6) ey p (OR) 
Age (years) (median, IQR) 69 (20) 78 (21) 0.1 
Gender, male (n, %) 12 (75) 5 (62.5) 0.6 
Duration of hospitalization (days) (median, IQR) 14.5 (15) 5.5 (11) 0.052 
Comorbidities 

Diabetes mellitus 4 (25) 2 (25) 1 

Hypertension 9 (56) 6 (75) 0.7 

Heart failure 212.5) 1:(12:5) 1 

Chronic renal failure 2 (12.5) 1 (12.5) 1 

Chronic obstructive lung disease 5 (31) 1(125) 0.6 

Dementia 1 (6) 1 (12.5) 1 
Disease severity 

NIH score 3 (severe) 7 (44) 3 (38) 

NIH score 4 (critical) 9 (56) 5 (62) 
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Vaccination history (n, %) 6/9 (67) 5/7 (71) 1 
Vaccination (median, IQR) 3 (0.25) 2{1,5) 0.1 
cHIS score (median, IQR) 4 (2.5) 4 (2) 0.6 
Laboratory results (median, IQR) 
Neutrophil to lymphocyte ratio 7 (20) 8.5 (7.5) 0.5 
Hemoglobin (g/dL) 13 (5) 13.2 (0.7) 1 
Platelets (10°/L) 163 (64) 200 (125) 0.3 
C-reactive protein (mg/L) 
1 115 (61) 131 (116) 0.4 
) 142 (109) 144 (80) 0.9 
Ferritin (ng/mL) 
1 548 (691) 464 (982) 1 
2 1612 (3223) 1160 (1096) 0.4 
D-dimer (mcg/mL) 
1 0.9 (2.1) 1.4 (4.6) 0.5 
2 3.8 (5.8) 8.6 (33) 03 
Lactate dehydrogenase (U/L) 
1 407 (212) 422 (266) 05 
2 502 (445) 592 (634) 05 
Outcomes 
Severe infection 2 (14.3) 3 (37.5) 0.3 
Pulmonary embolism 0 2 (25) 0.1 
Pneumothorax 2:\(13.3) 0) 0.5 
Myocardial infarction 0 2 (25) 0.1 
Intensive care unit admission 8 (50) 3 (37.5) 0.7 
Intubation 6 (37.5) 2 (25) 0.7 
Mortality 7 (44) 5 (63) 0.7 


IQR: Interquartile range, NIH: National Institute of health, cHIS: Covid hyperinflammatory score, OR: Odds ratio 
1: At admission, 2: Peak levels 


(37%) and 27 (23.7%) patients died in the anakinra 
group and the control group, respectively. 


Malignancy frequency was 11% (n=16) in anakinra 
group and 7% (n=8) in the control group. The distri- 
bution of malignancies is shown in Table 2. Among 
the control group, the patients with malignancy sig- 
nificantly had higher patient age (p=0.047), baseline 
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NLR levels (p=0.02), cHIS score (p=0.049), baseline 
procalcitonin (p=0.002), peak ferritin levels (p=0.044) 
as well as higher development of mortality (63 % 
[n=5] vs 21 % [n=22]; p=0.02, odds ratio [OR]=7.1) in 
univariate analysis. Although the number of male 
genders (p=0.07) and peak ferritin levels (p=0.086) 
tended to be higher, platelet levels (p=0.077) tended 
to be lower in patients with malignancy than those 
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Table 4. Multivariate analysis of mortality-associated factors in patients with COVID-19. 


cHIS: Covid hyperinflammatory score, OR: Odds ratio, SoC: Standard of care 


interval, NS: Not significant NA: Not applicable. 


without in the anakinra group. While ICU admis- 
sion (p=0.4), intubation (p=1), and mortality (p=0.6) 
did not differ between the patients with and with- 
out malignancy in patients receiving anakinra, de- 
velopment of pneumothorax was higher in patients 
who had malignancy (p=0.034; OR=9.4). 


Clinical and laboratory values were similar between 
anakinra and control groups when comparing the 
patients with and without malignancy. ICU admis- 
sion, intubation, and mortality also did not differ 
between the two groups (p=0.7, p=0.7, and p=0.7, re- 
spectively) (Table 3). 


In multivariate analysis, advanced age and higher 
cHIS score were significantly associated with mor- 
tality in the anakinra group (p=0.002, OR=1.044, 95% 
confidence interval [CI]=1.016-1.073, and p<0.001, 
OR=2.3, 95% ClI=1.5-3.4, respectively) and the con- 
trol group (p=0.007, OR=1.04, 95% Cl=1.01-1.07, and 
p=0.003, OR=2, 95% Cl=1.26-3.15, respectively). Crit- 
ical illness (compared to severe) (p<0.001, OR=64.9, 
95% CI=8.3-505.2) was only significantly associated 
with mortality in the anakinra group (Table 4). 


In survival analysis, a significantly lower surviv- 
al rate was observed in patients with malignancy 
than those without in the control group (log-rank: 
p=0.002) (Figure 1) and patients with malignancy in 
the control group compared to anakinra (log-rank: 
p=0.013) (Figure 2). Still, it did not differ between 
patients with and without malignancy in the anak- 
inra group (log-rank: p=0.9 (Figure 3). 


Anakinra group Control group 
Variables 
B p (OR) 95 % Cl B p (OR) 95 % Cl 

Patient age 0.04 <0.001 (1.04) 1.01-1.07 0.058 0.024 (1.06) 1.008-1.114 
cHIS score 0.69 0.03 (2) 1.26-3.15 0.854 0.01 (2.34) 1.224-4.509 
Critical illness (compared to severe) 3.87 <0.001 (47.9) 6.08-377 - NS - 
Procalcitonin levels - NS - - NS - 
Malignancy - NS - - NS - 
Anakinra vs SoC - - - - NA - 


control group), Cl: Confidence 


DISCUSSION 


In COVID-19, mortality rates differ according to 
several variables, such as features of the study 
population (hospitalized vs. outpatient patients or 
ward vs. ICU), inflammatory burden, and disease 
severity of patients. Many studies have revealed 
higher mortality rates among severe and critical 
COVID-19 patients so far. Grasselli et al. found that 
overall mortality was 53.4% in their study with 
3988 ICU patients (10). In another observational 
study with hospitalized COVID-19 patients, mor- 
tality was observed in 50.5% of severe and critical 
diseases according to the Brescia-COVID respirato- 
ry severity scale and 58% according to the CURB- 
65 scale, which was higher compared to our study 
(11). Our study population consisted of severe and 
critically ill patients, according to the NIH scale, 
for whom a higher risk of mortality was expected. 
There is also a close association between higher 
inflammatory response and mortality in patients 
with COVID-19 (12). The fact that the average high- 
er CHIS score than originally described in the study 
also reflects a higher inflammatory burden in our 
study (9). Therefore, our study group had more se- 
vere disease and higher mortality risk at admission, 
which was expected to have a higher mortality rate 
compared to previous studies. 


Beyond the demographic risk factors such as age 
and gender, some patients, such as patients who 
have cancer or are on immunosuppression, are at 
higher risk of mortality in COVID-19 (4). Miyashi- 
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Figure 1. Comparison of mortality rate in patients with and without 
malignancy in the control group (Log-Rank: p=0.002). 


ta et al. revealed significantly higher mortality nsk 
(relative risk=5.01, 95% CI=1.55-16.2) among cancer 
patients <50 years in patients with COVID-19 (13). 
In the study by Tian et al., in addition to several tra- 
ditional risk factors such as advanced age, elevat- 
ed procalcitonin, ferritin, D-dimer, and IL-6 levels, 
the authors also reported a significant association 
between advanced tumor stage as well as elevat- 
ed TNF-alpha levels and severe disease COVID-19 
course among cancer patients (14). In our study, 
although procalcitonin levels were higher in pa- 
tients with malignancy in SoC compared to those 
with anakinra group in univariate analysis, procal- 
citonin levels were not associated with higher mor- 
tality in multivariate analysis. Poor outcomes in 
cancer patients with COVID-19 may be associated 
with accompanying comorbidities, higher compli- 
cation rates such as secondary infection, and high- 
er disease severity due to the development of cyto- 
kine storms. In our study, although comorbidities 


Survival Functions 


og 


0,6 4 


Cum. Survival 


0,2 74 


,00 10 20 30 40 50 
Fllow-up 
—- No -—m Yes 


—+ Nocensored -—- Yes censored 


Figure 2. Comparison of mortality rate in patients with and without 


malignancy in the anakinra group (Log-Rank: p=0.9). 


did not differ among the two groups, higher patient 
age and higher inflammatory parameters (ferritin, 
CRP, D-dimer, cHIS score) reflecting cytokine storm 
in patients with malignancy than those without 
were observed in the control group. 


Similarly, higher peak ferritin levels in patients 
with malignancy than those without malignan- 
cy in the anakinra group were consistent with the 
control group. On the other hand, there was no dif- 
ference in severe infection and comorbidities but a 
higher inflammatory state in patients who had ma- 
lignancy than those who did not, emphasizing the 
crucial role of cytokine storm in the development of 
mortality in patients with COVID-19 accompanying 
cancer. In a previous study from Turkey, the mor- 
tality rate did not differ between patients with and 
without malignancy who received anakinra; how- 
ever, the study did not include a control group (15). 
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Figure 3. Comparison of survival rate in patients with malignancy between 
anakinra and control group (Log-Rank: p=0.013). 


Recent evidence revealed that there is a link be- 
tween the production of pro-inflammatory cyto- 
kines and the development or progression of some 
cancers. Several pro-inflammatory cytokines, such 
as IL-18, IL-6, TNF, IL-8, and IL-17, were associated 
with advanced stages of breast, prostate, and colon 
cancer (16). Higher cytokine levels due to the lysis 
of cancer and stromal cells were also shown during 
chemotherapy and radiotherapy in patients with 
cancer (17). An emerging highly effective treatment, 
chimeric antigen receptor (CAR) T-cell therapy, was 
developed in patients with hematological malignan- 
cies (18). The development of cytokine release syn- 
drome due to CAR T-cell therapy and its successful 
treatment with tocilizumab established the higher 
risk of hyperinflammation in cancer patients (19). 


Furthermore, successful treatment with immune 
checkpoint inhibitors in several cancers also em- 
phasized the crucial role of the immune system in 
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the development or progression of cancer (20). In our 
study, higher hyperinflammatory state of patients 
with malignancy than those without malignancy 
both in the anakinra and control group was consis- 
tent with previous results. The development of cyto- 
kine storms was also associated with higher mortal- 
ity in our study. Although the mortality rate did not 
differ between anakinra and SoC, possibly due to a 
small sample size (type 2 error) in univariate analy- 
sis, survival analysis revealed a lower mortality rate 
in patients with malignancy in the anakinra group 
than in SoC. Furthermore, our study also showed 
that treatment with anakinra reduces mortality due 
to the controlling hyperinflammatory response in 
patients with COVID-19 accompanying cancer. Fur- 
ther studies are needed to clarify the anti-cytokine 
treatment response, including anakinra, in patients 
with COVID-19 accompanying malignancy. 


IL-1 is a crucial cytokine in the development of pe- 
riodic fever syndrome, adult-onset still disease, and 
several hyperinflammatory conditions such as mac- 
rophage activation syndrome and hemophagocytic 
syndrome due to various immune-related disorders, 
infections, and malignancies (21). Furthermore, the 
safety and efficacy of IL-1 inhibitors such as anak- 
inra were established in many studies in cytokine 
storms due to various diseases (22). Anakinra be- 
came one of the standard targeted treatments for 
the COVID-19-associated cytokine storm since the 
beginning of the pandemic (23). In a previous study, 
the survival rate was higher in patients receiving IL-1 
inhibitors compared to IL-6 inhibitors. In this study, 
higher CRP levels at baseline and decreasing levels 
of LDH with treatment predicted higher IL-1 and IL-6 
inhibitor response and reduced mortality. 


Furthermore, differences in study dates (February 
and March 2020) between the former study and our 
study may have caused a difference in the mor 
tality rate due to potentially different COVID-19 
variants since the delta variant was not dominant 
into this period. Higher disease severity and poor 
outcomes with the delta variant compared to other 
variants were established in previous studies (24). 
Intravenous and high-dose anakinra is an emerg- 
ing therapeutic option both in rheumatology and 
COVID-19. Intravenous anakinra enables higher 
and faster maximum plasma concentration com- 
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pared to subcutaneous administration. Recently, 
there has been sufficient evidence of high-dose in- 
travenous anakinra administration in hyperinflam- 
matory syndromes (25, 26). High-dose intravenous 
anakinra treatment was safe and effective in a pre- 
liminary retrospective study from Italy and our pre- 
vious study in patients with COVID-19 (7, 27). In an- 
other prospective controlled study (ESCAPE study) 
with critically ill COVID-19 patients, high-dose in- 
travenous anakinra had a lower mortality rate than 
standard care as well as tocilizumab treatment (28). 


Although data on the safety and efficacy of anakin- 
ra in cancer patients are limited due to the exclu- 
sion of cancer patients from prospective studies, 
recently, data on this issue has started to increase 
(6). No increase in the frequency of severe infection, 
as well as other complications such as myocardial 
infarction in the anakinra group compared to con- 
trols, indicate that high-dose intravenous anakinra 
is safe in patients with COVID-19 accompanying 
cancer. Daily dose adjustment of anakinra allows 
early intervention of the hyperinflammatory state, 
preventing unnecessary high dose administration 
according to daily clinical and laboratory parame- 
ters and withdrawing the drug in case of infection. 
The short half-life of anakinra may allow it to easily 
adjust daily doses in acute and critical diseases such 
as COVID-19-associated cytokine storms. This issue 
is an important advantage of anakinra over other 
anti-cytokine treatments such as tocilizumab. 


This study has some limitations. The retrospective 
design of the study is the main limitation. The rel- 
atively lower frequency of cancer patients among 
COVID-19 is another limitation. Additionally, the 
lower frequency of patients receiving chemother- 
apy did not allow for comparison. Other limita- 
tions include higher patient age (not statistically 
significant) and procalcitonin levels at admission 
between anakinra and SoC groups in patients with 
malignancy. On the other hand, the controlled de- 
sign of the study and the fact that the study was 
conducted in a single center ensures homogeneity 
in terms of patient population and treatment deci- 
sions that a single physician made. 


n our study, mortality developed in a third of anak- 
inra receiving severe and critically ill COVID-19 pa- 
tients. Patients with malignancy had higher hyper- 
inflammatory responses than those without ma- 
lignancy both in the control and anakinra groups. 
Mortality was higher in patients with malignancy 
compared to those without malignancy in the con- 
trol group but not in the anakinra group; it was also 
higher in patients receiving Soc compared to anak- 
inra. Our study indicates that cytokine storm is the 
leading cause of mortality in patients with COVID-19 
accompanying cancer. Intravenous high-dose anak- 
inra treatment is safe and effective in cancer pa- 
tients with COVID-19-associated cytokine storm. 
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